To explore an alternative measurement, we used a forced oxidation technique of adding active oxygen species to the fluorescent compounds, selectively inducing a specific light emission peaking at 430 nm in the low- 
fluorescence, was also in accordance with that of indoxylfl-D-glucuronide. To our knowledge, this is the first identification of a primary emitter of low-level chemiluminescence from a biological source.
IndexIng Terms: chromatography, anion-exchange/chromatography, reversed-phase/nuclearmagneticresonance/fluorometry' Various fluorescent compounds accumulate in the plasma and hemodialysate of patients with chronic renal failure (1) (2) (3) (4) . These compounds greatly increase in concentration in uremic serum, in comparison with serum of normal healthy subjects (1, 3), and constitute a diagnostic indicator for renal disorder. Some of the fluorescent compounds have been identified as indole derivatives, namely, indican, kynurenic acid, tryptophan, and 5-hydroxy-indole-3-acetic acid, by cochromatography of standards for these substances by HPLC (5). However, HPLC of patients' plasma (1, 3) detects many fluorescent compounds in high-to low-molecularmass fractions, increasing the difficulty of identifying which compounds have diagnostic significance. Measuring the total amount of fluorescent compounds in plasma is not a specific indicator for metabolic disorders in chronic renal failure.
To explore an alternative measurement, we used a forced oxidation technique of adding active oxygen species to the fluorescent compounds, selectively inducing a specific light emission peaking at 430 nm in the lowmolecular-mass fraction of plasma from hemodialysis patients (6) . 
MaterIals and Methods

Samples.
Plasma was obtained from blood samples taken from 150 patients with chronic renal failure before they underwent hemodialysis treatments. Sampling of the patients' blood was carried out according to the ethical standards of our hospital. Centrifugation of the blood provided 500 mL of pooled plasma from which the primary emitter of chemiluminescence would be purified.
Purification procedure.
The procedure for purification of the chemiluminescent component (primary emitter) is summarized in Table 1 (6) . The chemiluminescence peak at 430 nm was measured by HPLC, the effluent line being connected with flow lines of 3% (882 mmol/L) H202 and 2 mmol/L FeSO4 solution. These three flow lines for eluate from the HPLC column, H202, and FeSO4 solutions were joined at a mixing port facing the photomultiplier window, which was covered with an interference filter centered at 430 nm (39% transmittance, 18-nm half-width; Toshiba, Tokyo, Japan) (6). The elution buffer for the eluates to be measured for chemiluminescence activity also contained 0.1 mmol/L Na2-EDTA and 0.1 mmol/L dithiothreitol (UN') to protect the samples from oxidation. Fluorescence emission and chemiluminescence activity after HPLC were detected at 25#{176}C.
For purification of the primary emitter, light emission activity was not measured in the HPLC eluate; instead, the fraction presumed to contain chemiluminescence activity was estimated from the retention times in the fluorescence elution patterns. Chemiluminescence activities were then measured in a separate run of HPLC. The time course of chemiluminescence reactions induced by the generation of hydroxyl radicals was measured at 25#{176}C, after injection of 1 mL of 882 mmolfL H202 into 1 mL of purified sample plus 1 mL of 2 mmol/L FeSO4 (6). A lyophilized sample from the second reversed-phase HPLC column was dissolved in 66 mmol/L phosphate buffer, pH 7.2, containing 0.1 mmol/L Na2-EDTA and 0.1 mmol/L DTT, and was used to measure the time course of the chemiluminescence reaction.
To test for active oxygen scavengers that might quench chemiluminescence (10), we added 0.1 mL of various scavengers to the reaction mixtures. The reaction vessel faced a photon counting-type photomultiplier window (6, 11) covered with the 430-nm interference filter (6). In addition to the purified sample, we examined the chemiluminescence activities of authentic indoxyl compounds dissolved in the same buffer.
NMR analysis. The lyophilized sample, having been eluted from the second reversed-phase HPLC (5-PYE) column, was used for 'H-NMR analysis (GSX 500 MHz spectrometer; JEOL, Tokyo, Japan). The sample (-5 pg) was dissolved in D20, and the NMR spectrum was obtained at 23#{176}C. Chemical shifts, in ppm, were based on the signal of tetramethylsilane as an internal standard (12) .
Spectral analyses. The absorption and fluorescence spectra of the purified sample and indoxyl compounds were obtained at 25#{176}C with a U-best 30 spectrometer and a PF-770 spectrofluorometer, respectively (both from JASCO). Chemiluininescence spectra of the purified sample and authentic indoxyl compounds were measured with a polychromatic spectrometer (13). The spectra were recorded for 30s after the addition of 1 mL of purified sample or authentic indoxyl compounds to the mixture of 1 mL of 882 mmolIL H202 plus 1 mL of2 mmol/L FeSO4 in a quartz cuvette. The NMR spectrum of the purified sample included all the peaks that appeared in the authentic indoxyl--D-glucuronide.
The relative amounts of the aromatic protons in the NMR signal were similar between both sample and authentic indoxyl--D-glucuronide, as were the relative amounts of other proton signals from indoxyl-/3-D-glucuronide and the sample. In the spectrum of the sample, a peak assigned to the proton at position 2 of the indole group was shifted to a higher magnetic field than was that of indoxyl sulfate; this suggests that less of the electronegative group than of the sulfate would attach to position 3 of indoxyl group. In the spectrum of indoxyl phosphate, the proton signals at position 2 of the indole split, despite the shift of such a signal to a higher magnetic field; this was also true for indoxyl-p-D-glucuronide.
It is well known that the coupling constant [JHH (Hz)] at the p-bond of sugar is generally higher than that at the a-bond. The coupling constant was higher in the sample (-10 Hz) and in the indoxyl-p-D-glucuronide (data not shown). Therefore, the group attached to the indole ring in the sample is most probably /3-D-glucuronic acid. The compound present in the sample was thus estimated to be indoxyl-p-D-glucuronide.
The retention time of the sample in the second reversed-phase HPLC step was compared with that of authentic indoxyl compounds. Using the same HPLC columns as in purification of the sample (see Table 1 ), we cochromatographed three authentic indoxyl compounds to measure their chemiluminescence activities. Gel filtration HPLC (Fig. 4) confirmed that chemiluminescence emission at 430 mm was detected only for indoxyl-f3-D-glucuronide (Fig. 4B) ; other solutions of authentic indoxyl compounds gave fluorescence emissions at 400 nm (Fig. 4A) . Whole chemiluminescence emissions from indoxyl compounds measured between 300 and 650 mm without an interference ifiter were much lower for indoxyl sulfate and indoxyl phosphate than for indoxyl-(3-D-glucuronide (Fig.  4C) . This indicates that indoxyl-3-D-glucuromde specifically reacts with hydroxyl radicals for light emission. No chemiluminescence peaks at 430 mm for indoxyl sulfate and indoxyl phosphate were in agreement; both compounds had different emission spectra and had weaker intensity than the indoxyl-p-D-glucuronide (Fig.  4C) . At the generation of hydroxyl radicals, light emission peaking at 430 mm was indeed elicited from indoxyl-f3-D-glucuronide, in agreement with the behavior of the purified sample. Retention time of chemiluminescence elution peak of the purified sample coincided with We eximined the time course of chemiluminescence emission during generation of hydroxyl radicals with the purified sample in the presence of active oxygen scavengers (Table 3 ). The intensity of the chemilumineecence peak was suppressed in the presence of mannitol, a scavenger of hydroxyl radicals. However, addition of NaN3 increased the intensity of the chemiluminescence peaks. This may be due to the chelating of Fe2 by NaN3, 
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